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Leading up to the Second International Conference on Low Dimensional Structures and Devices we 
continue our series of reports on advanced semiconductor R&D in Japan. Japan has used its 
accumulated technological expertise in LDSD technology to expand into new areas such as atom 
manipulation technology (AMT) or simply ‘atom technology’. Its R&D researchers are enhancing their 
leadership position in this field firmly believing in AMT’s central role in future devices. 
recently visited some of the la- 
boratories around Tokyo area in- 
cludingTsukuba Science City, the 
University of Tokyo and Sumitomo 
Electric Industries. I found a confi- 
dence in expertise in LDSD that will 
bring new opportunities being cre- 
ated by the growing and increasingly 
sophisticated use of epitaxial growth, 
nano-fabrication, and scanning probe 
microscopy technologies. These 
groups are well-positioned in the 
atom technology which will have a 
strong impact on the future develop- 
ment of the electronics industry. One 
should remember that Japan was first 
in the world to succeed in the mass 
production of HEMTs, AlGaAs la- 
sers, and Hall sensors using MBE 
technology. 
I believe that one of the reasons for 
Japan’s success can be summarised in 
the following quote from Director 
General of the National Institute for 
Advanced Interdisciplinary Research 
(NAIR),Yasuharu Suematsu: “The Or- 
iental Civilisation evolved in a society 
which had been formed on the basis of 
Confucian ethics originated in those 
areas which was characterised by high 
population density It is suited for co- 
operative working by a multitude of 
people. As it were, it is a production- 
oriented civilisation. On the other 
hand, the Western Civilisation was 
born in a society which had grown in 
underpopulated areas and been based 
on individual efforts rather than peo- 
ple’s collaboration. The latter civilisa- 
tion attaches importance to 
individual thinking and simplifica- 
tion. It is suited, therefore, to science 
?A Ill-Vs Review ??Vol.10 No.1 1997 
Budget 
(Billion Yen) 
6 
Supplementary Budget 
4 f August, 1995) 
1992 1993 1994 1995 
Figure 1. Budget for Atom Technology Project. 
which is aggregate of simplification. If 
these two large flows were combined, I 
think, a favorable social foundation 
would be created.” 
Japan’s unique R&D 
The success behind the research and 
development that led to such a wide 
range of advanced technologies lies 
in the creativity and technology- 
oriented business environment in Ja- 
pan. The management has the ability 
to understand the full impact of tech- 
nological developments, the needs of 
the market, and to efficiently conduct 
R&D activities that will result in new 
technologies and products. Japan uses 
a unique R&D structure that encom- 
passes all areas from basic and applied 
research to product development and 
commercialisation. The key that ties 
all these components is the vision 
and creativity of their researchers. 
However, one goal is also to be there 
first at the leading edge of changes in 
industry and technology. 
I must say that I admire the Japa- 
nese way - it is market-oriented and 
customer-driven attitude. This is 
achieved by responding quickly to 
the dynamic changes happening in 
world markets by investing heavily in 
R&D to develop new products. This 
will undoubtedly ensure Japan con- 
tinues to be a leading force in the 
world of the future. 
The development of leading-edge 
technology will have an impact on 
new needs, accelerating the next stage 
of the technological revolution. At 
NAIR, situated in Tsukuba Science 
City, emphasis is placed on atom tech- 
nology. For Japan, atom technology is 
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a crucial technology, expected to play a 
vital role into the 21st Century. NAIR 
is actively involved in the research of 
leading-edge technology in a broad 
range of fields. 
Astounding Science 
City 
The Tsukuba Science City, located 
about 60 km northeast of Tokyo, is a 
collection of both completely new fa- 
cilities and those which were moved 
fromTokyo and its suburbs. Although 
this new city is primarily centered 
around government research and edu- 
cational institutes, its efficient and or- 
ganised facilities also attract private 
research organisations. 
Tsukuba Science City was designed 
to relieve overcrowding in the Tokyo 
area, but also to provide a focus to re- 
spond to latest needs of science and 
technology, academic research and 
higher education. The Japanese gov- 
ernment spent nearly Yl.6 trillion yen 
between the time the Science City was 
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approved by the Cabinet in 1963 and its 
completion in 1980. Tsukuba Science 
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centre. Recently, there has been an in- 
crease in the number of private re- 
search organisations. There are more 
than 200 government, academic, and 
private institutions employing well- 
over 12 000 full-time researchers. It is 
obvious that Japan is striving to be- 
come a world leader in the develop- 
ment in science and technology. The 
future of Tsukuba will serve as the fo- 
cus of development for an increasing 
number of global research projects, 
and is expected to make a major con- 
tribution to the field of international 
science. However, in this article I will 
only report on the Atom Technology 
Programme carried out at NAIR. 
NAIR is a new type of national re- 
search organisation to carry out 
research in those fields of interdisci- 
plinary and comprehensive nature, 
which could not be managed by con 
ventional diciplines in isolation. The 
institute involves researchers of var 
ious fields invited from industry, aca- 
demia and government research 
laboratories, both domestic and over- 
seas, for promoting joint research pro- 
jects intensively. 
Since the invention of the scanning 
tunnelling microscope (STM) in 1982 
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Figure 4. Research groups and topics investigated. 
at the IBM Research Laboratories near 
Zurich by H. Rohrer and G. Binning 
for which they were awarded the No- 
bel Prize in 1986, it has become possi- 
ble to observe, pick up and transfer 
individual atoms. This new technol- 
ogy which manipulates matter on an 
atomic scale is called atom technology. 
When it was invented, the STM 
was intended simply as an observation 
tool which provided accurate three-di- 
mensional images of surfaces. Since 
then, the STM has turned out to be 
an extremely valuable research tool. 
The successes of the STM can be illu- 
strated by examining the range of spe- 
cimens it has been used to study. Its 
applications range from the investiga- 
tion of DNA to polymer films, electro- 
nic band structure of semiconductors, 
doped semiconductors, surface 
roughness, atomic reconstruction and 
nanometre scale lithography. The 
STM can be operated in various envir- 
onments such as air, UHV, reactive 
gases and at cryogenic temperatures. 
Atom technology is already having 
a strong impact on physics, chemistry, 
biology, and engineering. Realising 
the importance of this emerging tech- 
nology, the Agency of Industrial 
Science and Technology (AIST) took 
the decision to start a project on “Re- 
search and development of ultimate 
manipulation of atoms and molecules 
(atom technology)” for a period of ten 
years. This project which started in 
1992 is one of the Industrial Science 
and Technology Frontier Programs. 
The total budget of the project 
(Fig. 1) is expected to be Y25 billion, 
most of which will be entrusted to 
the AngstromTechnology Partnership 
(ATP), a technological research asso- 
ciation, through the New Energy & 
Industrial Technology Develeopment 
Organisation (NEDO). 
To run such an extensive research 
project, a joint research contract was 
signed between NAIR, AISTand 
ATP to gather research scientists from 
industrial, government and academic 
laboratories, both from Japan and 
overseas at the Joint Research Center 
for Atom Technology (JRCAT) 
founded in NAIR, Tsukuba Science 
City (Fig. 2). At present there are well 
over 90 researchers working on this 
project. 
ATP goals 
The goal of the atom technology pro- 
ject (Fig. 3) is to establish basic con- 
cepts and universal technology for 
creating innovative materials and de- 
vices by freely manipulating atoms 
and molecules, individually or collec- 
tively, in space, on solid surface or 
within bulk solid using diversified 
scanning probe techniques. The three 
research areas conducted at JRCATare 
(Fig. 4): 
0 atom manipulation, 
?? nanoscale self-organisation and 
?? critical-state phase control. 
JRCATconsists of eight experimental 
groups and three theoretical groups. I 
will describe the research activities of 
the three groups which are related to 
my own research interest. 
The group of Dr HiroshiTokumo- 
to is developing scanning probe tech- 
niques for observation and 
manipulation of atoms and molecules 
on solid surfaces and then exploring 
new nanoscale structures showing 
new physical phenomena. For this 
purpose they utilise several physical 
and chemical interactions such as tun- 
nelling current, atomic force, mag- 
netic force, chemical force, electric 
field and tunnelling photon, which 
are combined with, for example, laser 
light, microwave and electron beams. 
After collecting various information 
simultaneously on an atomic or mole- 
cular resolution by these techniques in 
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air, liquid and UHV and at various 
temperatures, they analyse these data 
to understand the atomic scale surface 
physics and chemistry as well to iden- 
tify chemical species of atoms and mo- 
lecules. They then try to modify the 
surface on an atomic precision to rea- 
lise the desired surface properties. The 
research themes include: techniques 
for identification of atoms and mole- 
cules, techniques for nanoscale modi- 
fication of surfaces and material 
properties, and new SPM techniques 
with ultrahigh-precision. 
The main goal of the Dr Masashi 
Ozeki led group is to establish a tech- 
nological base of nano-structure fabri- 
cation and nano-scale impurity 
control for Ill-Vcrystals. For this pur- 
pose they mainly use chemical reac- 
tions between molecules and the solid 
surface without any mechanical 
probes such as STM or AFM. They 
have built state-of-the-art molecular 
beam scattering experiments to study 
chemical reactions of source mole- 
cules on solid surface. These techni- 
ques allow source molecules (or 
source ions) to be brought to a well de- 
fined semiconductor surface in well 
characterised ways. It is then possible 
using laser spectroscopy probes (laser 
induced fluorescence: LIF) to measure 
the internal state distributions of the 
reflected molecules. The research 
themes include: GaAs, AlAs and InAs 
crystals, and Ill-V nitride crystals such 
as GaN. 
The research of the Dr Takafumi 
Yao group working on atomic level 
analysis and control of II-VI semicon- 
ductor surface includes: (i) atomistic 
investigation of surface processes dur- 
ing MBE and ALE, (ii) control of the 
surface processes on an atomic level, 
(iii) tailoring of semiconductor quan- 
tum structures which exhibit novel 
properties. The main topics investi- 
gated are: characterisation and control 
of heterointerfaces of ZnSe/GaAs, 
elucidation of doping processes of N 
and carrier compensation mechanisms 
in N-doped ZnSe, and quantum na- 
nostructures doped with magnetic im- 
purities. 
The atom technology project is ex- 
pected to develop vital technologies 
(Fig. 5) that will establish the physical, 
Figure 6. Experimental apparatus for observation and manipulation of atoms. 
chemical and biological foundation of 
the industries of the 21st Century. 
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